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Mapping land use/land cover (LULC) and change detection using remote sensing and GIS techniques is 
an area of interest that has been attracting increasing attention.  This paper is an attempt to assess the 
changes in land use/land cover in some parts of south-western Nigeria over a 16 year period. The study 
made use of LandSat imageries of 1986 and 2002. The images were classified using Maximum 
Likelihood classification method. The results show that disturbed/degraded forest constituted the most 
extensive type of land use/land cover in the study area. The increasing population and economic 
activities were noted to be putting pressure on the available land resources. This paper highlights the 
importance of remote sensing and GIS techniques in apprehending the situation in south-western 
Nigeria. 
 






Land use/land cover change is a key driver of global 
change (Vitousek, 1992) and has significant implications 
for many international policy issues (Nunes and Auge, 
1999). In particular, land use/land cover (LULC) changes 
in tropical regions are of major concern due to the 
widespread and rapid changes in the distribution and 
characteristics of tropical forests (Myers 1993; Houghton 
1994). However, changes in land cover and in the way 
people use the land have become recognized over the 
last 15 years as important global environmental changes 
in their own right (Turner, 2002). To understand how 
LULC change affects and interacts with global earth 
systems, information is needed on what changes occur, 
where and when they occur, the rates at which they 
occur, and the social and physical forces that drive those 
changes (Lambin, 1997). The information needs for such 
a synthesis are diverse. Remote sensing has an impor-
tant contribution to make in documenting the actual 
change in land use/land cover on regional and global 
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ria, despite ongoing research efforts on LULC patterns; 
there remains a need for development of basic datasets 
providing quantitative and spatial land use/land cover 
information. Moreover, there appears to be a gap in the 
available information at national and local scales for use 
in regional and national decision making process and 
rational planning. 
The same is true in the south-western part of Nigeria. 
Despite the great economic importance of this region, 
there have not been systematic studies of land use/land 
cover changes (Oyinloye et al., 2004). Adejuwon and 
Jeje (1973), in an earlier study mapped vegetation/land 
use associations in the Ife area using 1:40,000 panchro-
matic aerial photographs. Land use/cover studies using 
satellite image in this region (such as Salami, 1999; 
Salami et al., 1999) are a recent phenomenon. Likewise, 
Salami and Akinyede (2006) conducted land use/cover 
change studies in the region using data from LandSat 
satellite imagery of December, 1986 and the newly 
operational NigeriaSat-1 satellite imagery of December 
2004. Amamoo et al. (1998) used satellite image for the 
same region but their concern was to differentiate bet-
ween built-up and non built-up land use for population 
census base map revision. 










The purpose of this paper was to investigate the 
changes in LULC over a period of 16 years in south-
western Nigeria using remote sensing and GIS techni-
ques and deriving factors behind the changes and the 
adverse effects of these changes on the livelihood of the 





The study was conducted in a part of tropical rainforest of 
south-western Nigeria, located between Latitudes 
07002’38”-07055’56” N and Longitudes 04014’52”- 
05007’34” E (Figure 1). The area is located in the cocoa 
belt of Nigeria. It falls within the tropical humid climate 
that is characterized by wet and dry seasons. The mean 
annual rainfall of the area is 1220 mm, while the mean 
annual temperature is about 27oC (Balogun and Salami, 
1995). The natural or climax vegetation of the area is low-
land tropical rainforest. However, the natural vegetation 
of the area has now been reduced to secondary forest or 
replaced by perennial and annual crops (Salami et al., 
1999). Salami (1995) argued that the long history of 
agricultural colonization of the area together with increas-
ing population density has led to significant modi-fication 
of the natural vegetation. 




An area of 9558.58 km2 was delineated on the LandSat scene 
covering the study area. The LULC mapping for the area was 
based primarily on LandSat 5 Thematic Mapper (TM) of December 
1986 and LandSat 7 Enhanced Thematic Mapper (ETM) data of 
January 2002. The images were geometrically corrected to Univer-
sal Transverse Mercator (UTM) coordinate system. The selection of 
images of the same season was to minimize the influence of 
seasonal variations on the result.  
 
 
Digital image processing 
 
The study depended on the use of computer-assisted interpretation 
of LandSat imageries. Field survey was performed throughout the 
study area using Global Positioning System (GPS). This survey was 
performed in order to obtain accurate location point data for each 
LULC class included in the classification scheme as well as for the 
creation of training sites and for signature generation. In order to 
obtain the required information from satellite image data, pro-
cessing and interpretation were made systematically. The interpret-
tation phase was preceded by establishing preliminary legend. The 
1986 LandSat TM imagery depicts a situation that existed 16 years 
before the recent LandSat ETM imagery. Hence, the 1986 LandSat 
TM imagery could not be checked against the ground truth but, the 
available historical data for the area were used to validate the 
interpretation made. However, the 2002 satellite image was directly 
checked against ground truths.  




Table 1. Description of the land use/land covers classes identified in the study area. 
 
LULC Types Description 
High forest An area of land covered with mature trees and other plants growing close 
together. 
Disturbed/ degraded forest Areas covered with secondary forests. 
Derived savanna Area covered by grassland, sometimes with scattered trees, in a tropical or 
subtropical region. 
Montane forest Trees growing in mountainous or hilly region. 
Shrub land/farmland complex An area of land covered mainly with shrubby plants and/ crops 
Settlement/bare surface Areas that have been populated with permanent residents or covered with 
scanty grass and exposed rocks, and bare lands. 










Once the training sites were determined, Maximum Likelihood 
classification was utilized. The Maximum Likelihood classifier is 
considered to give very accurate results. The classification scheme 
utilized seven land use/land cover classes representing high forest, 
disturbed/degraded forest, derived savanna, montane forest, shrub 
land /farmland complex, settlement/bare surface and water body. 










The classification scheme is as described in Table 1. The post 
interpretation phase included preparation of LULC maps and 
detection of their changes. The change detection technique, which 
was employed in this study, was the post- classification compare-
son. The overlay consisting of LULC maps of1986 and 2002 were 
made through ERDAS IMAGINE software.  
Then a transition matrix was prepared for the overlaid land 
use/land cover maps of 1986 and 2002.   
 
 
RESULTS AND DISCUSSION  
 
Figures 2 and 3 show the LULC maps of the study area 
for 1986 and 2002. Tabulations and area calculations 
provide a comprehensive data set in terms of the overall 
landscape, the types and extent of changes, which have 
occurred (Tables 2, 3 and 4). 
In the periods considered, disturbed/degraded forest 
constituted the most extensive type of land use/land 
cover in the study area. Accordingly, it accounted for 
about 49.6% of the total area in 1986, followed by high 
forest and derived savanna, occupying 30.6 and 12.6% of 
the total area respectively. Land use/land cover units 
under montane forest, shrub land/farmland complex, 
settlement/bare surface and water body covered 3.4, 2.7, 
1.0 and 0.1% of the area respectively.  
In 2002 however, the land under disturbed/degraded 
forest decreased marginally to about 48.7% of the total 
area. High forest and shrub land/farmland complex occu-
pied 28.1 and 14.0%, respectively. The remaining area 
was occupied by derived savanna, settlement/bare sur-
face, montane forest and water body, which accounted




Table 2. Comparison of areas and rates of change of the seven LULC classes between 1986 and 2002. 
 
1986 LULC area 2002 LULC area Change between 1986 and 2002 
Average rate of 
change LULC Types 
ha % Ha % ha % ha/yr % 
Disturbed/degraded forest 473770 49.6 465592 48.7 -8178 -1.73 -511.13 -0.11 
High forest 292188 30.6 268919 28.1 -23269 -7.96 -1454.31 -0.5 
Shrub land/farmland 
complex 26122 2.7 134158 14.0 +108036 +413.6 +6752.25 +25.85 
Derived savanna 120237 12.6 33840.4 3.5 -86396.6 -71.86 -5399.79 -4.49 
Settlement/bare surface 9880.05 1.0 28883.9 3.0 +19003.9 +192.4 +1187.74 +12.02 
Montane forest 32712.3 3.4 23345 2.4 -9367.3 -28.64 -585.46 -1.79 
Water body 949.114 0.099 1119.5 0.12 +170.4 +17.96 +10.65 +1.12 
Total 955858 100 955858 100 ------- --------- ----------- ------- 
 
Source: LandSat TM 1986 and LandSat ETM+ 2002. 




Table 3. Proportions of land use/land cover units gained and/or lost between 1986 and 2002 in the study area. 
 
Proportion of LULC 
in 1986 and 
unchanged in 2002 
Proportion of 
LULC in 1986 lost 
to other Land 
LULC types by 
2002 
Proportion of 
LULC in 1986 
gained from other 
LULC types by 
2002 
LULC in 2002 
(unchanged + 
gained) 









245126 51.74 228644 48.26 220466.4 46.5 465592.4 100 -8178 -1.73 




2268.7 8.7 23853.3 91.3 131889.4 504.9 134158 100 +108036 +413.58 
Derived 




8756.3 88.6 1123.8 11.4 20127.6 203.7 28883.9 100 +19003.85 +192.35 
Montane 
forest 4751.66 14.5 27960.7 85.5 18593.4 56.8 23345.04 100 -9367.3 -28.64 
Water body 121.431 12.8 827.7 87.2 998.1 105.2 1119.52 100 +170.41 +17.96 








Changes in land use/land cover (1986-2002) 
 
It is obvious from Table 2 and Figure 2 that the study 
area had been subjected to intensive human influence 
prior to the base year (1986), with 49.6 % of the area 
under disturbed/degraded forest. The pattern of the 
changes between 1986 and 2002 are presented in 
Tables 2, 3 and 4. Within the period, more land was 
brought under shrub land/farmland complex, at the same 
time settlement/bare surface expanded at the expense of 
other land cover types. In line with this, the land use/land 
cover data of the two years indicated both types of 
changes/conversion and modification (Figures 2, 3 and 4 
and Tables 2, 3 and 4). The area under derived savanna 
and high forest declined by 71.9 and 8%, respectively, 
while those under shrub land/farmland complex and 
settlement/bare surface registered a net gain of 413.6 
and 192.4%, respectively. This suggests that the areas 
covered with derived savanna  and  high  forest  were  re- 




Table 4. Proportion of LULC that was converted from each of the seven classes into the rest (1986-2002). 
 








































































































































































Total area 465592.4 268919 134158.1 33840.4 28883.9 23345.04 1119.52 955858 
 
*Figures in the upper rows show areas of a particular LULC type that remained unchanged or lost to other LULC types in hectare during the 
study period. 
*Figures in the lower rows in italics show areas of a particular LULC type that remained unchanged or lost to other LULC types in percentage 




ceding at an average rate of 4.5 and 0.5% per annum 
respectively, while shrub land/farmland complex and 
settlement/bare surface were, respectively expanding at 
rates of 25.9 and 12.0% per annum over the 16years 
period. This indicates the encroachment of agricultural 
land and settlement towards forest areas and derived 
savanna and this was confirmed by the fieldwork in the 
area. The finding that there was a major decline in the 
area of the derived savanna and high forest is in line with 
that of Sa-lami and Akinyede (2006), which reported a 
59.4 and 24.5% decline of these cover types in the south 
western part of Nigeria, between 1986 and 2004. It can 
also be related to the findings of Akinyemi (2005), which 
reported a 49.1% decrease of agro-forestry/secondary 
regrowth in the south western part of Nigeria between 
1986 and 2002.  
Accordingly, Tables 3 and 4 show that only 29.72% of 
the area that was covered with high forest in 1986 re-
mained the same in 2002. The rest (70.28%) was either 
cleared or changed to other land use/land cover types in 
2002 viz: 62.3% to disturbed/degraded forest, 5.23% to 
shrub land/farmland complex, 0.32% to derived savanna, 
0.11% to settlement/bare surface, 2.28% to montane 
forest and 0.094% to water body. On the other hand, 
conversion of other land use/land cover types to high 
forest totaled about 67.7% (Tables 3 and 4). 
Similarly, Tables 3 and 4 show that only 18.1% of the 
area that was covered with derived savanna in 1986 was 
under the same cover in 2002. The rest (81.9%) was 
transformed to other land use/land cover types in 2002; 
14.7% changed to disturbed/degraded forest, 13.3% to 
high forest, 39.2% to shrub land/farmland complex, 7.5% 
to settlement/bare surface, 6.9% to montane forest and 
0.2% to water body. The area that changed from other 
land use/land cover types into derived savanna was small 
and accounted for only 35.5% compared to the amount 
lost from derived savanna to other types (Tables 3 and 
4). In general, the change from  natural  vegetation  cover  










to farmland was more of conversion and a significant 
change of this type was observed during the study period 
 
 
Status of forest reserves found in the study area 
(1986 - 2002) 
 
Table 5 and Figures 5 and 6 shows that the earliest 
Forest Reserves (FRs) of south-western Nigeria, which 
are apparently subject to the strict control, are under a 
serious onslaught of deforestation and calls the manage-
ment regime of the reserves to question. In the Forest 
Reserves, high forest is retreating fast with over exploit-
tation. For instance, 98.3 and 63.7% of the area covered 
with high forest in Ikeji FR and Akure FR respectively 
were converted to shrub land/farmland com-plex over the 
two decades. This implies that forest in all the sites is in a 
state that is not near equilibrium and indicates that de-
gradational activities are going on in all the sites including 
 the Forest Reserves (Salami and Balogun, 2006). 
 
 
Causes of land use/land cover change  
 
Land use/land cover changes reflect the dynamics 
observed in the socio-economic condition of a given area. 
Similarly, changes in the socio-economic situations cause 
land use/land cover changes through their influence on 
land management techniques used and other various 
aspects of the farming systems, institutional settings, 
environmental policy and others. As many researchers 
indicated in Nigeria, several factors have been modifying 
the original form of land cover. These include human 
activities such as agricultural colonization (Adejuwon, 
1971; Berry, 1974); spread of rural settlements 
(Osunade, 1991); evolution of rural road networks (Aloba, 
1983)  and   government  policy   (Ekanade  et  al.,  1996) 
noted in (Salami, 2001).  




Table 5. Status of forest reserves between 1986 and 2002. 
 
Area (1986) Area (2002) Forest 
reserves ha % 
Forest reserves 
ha % 
Akure FR unchanged 1310.4 27.05 
Changed to settlement/bare surface 63.79 1.32 
Changed to shrub/farmland 3084.1 63.67 
385.7 7.96 
Akure FR 4844.0 9.43 
Changed to disturbed/degraded forest 
4844.0 100 
Ife FR unchanged 27203.3 70.66 
Changed to disturbed/degraded forest 8823.74 22.92 
2472.2 6.42 
Ife FR 38499.2 74.94 
Changed to shrub/farmland 
38499.2 100 
Ikeji FR unchanged 38.1 1.7 
2206.1 98.3 Ikeji FR 2244.2 4.37 Changed to shrub/farmland 
2244.2 100 
Oni FR unchanged 322.04 5.56 
Changed to disturbed/degraded forest 3826.05 66.1 
1640.94 28.35 
Oni FR 5789.0 11.27 
Changed to shrub/farmland 
5789.0 100 
Total 51376.4 100 Total 51376.4 ------ 
 




In addition to this, the forest resource indirectly 
contributes to household food security through income 
generation and employment (FAO, 1991; Abiola, 1997). 
According to Meludu (2004), the forest sub-sector 
accounts for about 8% of the agricultural gross domestic  
product of the country. He also noted that the estimated 
benefit of biodiversity in general (in billion dollars), by the 
Federal Environmental Protection Agency in Nigeria 
amounts to $03.75 GDP. Current benefits (various spe-
cies, subsistence, ecosystem, scientific and recreational) 
are $06.00; non-current, option, existence and inheri-
tance uses are $01.00; and direct employment benefits 
are $15.60. All these will amount to about $26.35 billion. 
Despite these numbers, biodiversity depletion continues 
unchecked. 
Therefore, socio-economic survey is important to iden-
tify the factors that drive changes in land use/land cover 
of an area. The socio-economy of Nigeria in general and 
the south western part in particular is changing based on 
the national goal of transforming the country from oil-
based to agricultural-based economy during the past two 
decades (that is since 1991). The change in the econo-
mic system of the region puts pressure on the agricultural 
sector. This in turn leads to the opening up of more 
natural forests for cultivation. Hence, the expansion of 
agricultural land is partially responsible for the disappear-
rance of the tropical rainforest of the area in the study 
period. 
Other important factors of the land use/land cover 
change in the region are the expansion of settlement and 
illegal logging. As shown in Table 2, settlement expanded 
by 192.4% in the past two decades. This has an adverse 
effect on the forest resources of the area. Illegal logging 
is particularly largely responsible for the ever decreasing 
area of the forest reserves. In terms of government poli-
cy, as noted by Salami (2001), the introduction of exotic 
species plantations into the forest reserves that were 
originally designed to serve as repositories of the natural 
species of the forest belt has modified the ecological 
setting of the region. The process involves extensive 
clearing and burning of the native species (original spe-
cies) before planting exotics. All these have ecological 
implications in the area. The land tenure system, which 
originally was communal in nature and has now given 
way to individual tenure, also has its own impact on the 
existing land cover of the study area.  
In addition to the above noted human factors, climate 
change has significant impact on land use/land cover 
changes observed during the study period. In this regard, 
Fasona and Omojola (2005) report rainfall changes, 
which is a critical element of climate and climatic changes 
in tropical Africa, in the guinea-sudan-sahel (GSS) zone 
of Nigeria over a six decade (1940 - 2000) period. Ac-
cording to their report, the decade 1950s recorded the 
highest rainfall while the decade 1980s had the least rain-
fall from the total decadal mean. The pattern  of  land  co- 












Figure 6. Status of forest reserves that fall in the study area (Left: 1986 and Right: 2002). 




ver changes between 1976 and 1995 strongly indicated 
loss of prime arable lands resulting from climate change, 
which is in turn leading to opening up of new virgin lands 
towards the south (Fasona and Omojola, 2005).These 
are strong signals of the effects of climate change on 
land use /land cover change at local level. Generally, the 
increasing down-south march of the Sahara desert 
through the Sahelian zone of Nigeria is leading to the 
opening up of more natural forests for cultivation and 
grazing in the guinea savanna and rain forest zones. 
 
 
Consequences of land use/land cover change 
 
Tropical deforestation has been an environmental con-
cern (Azeez, 2002) affecting both the forest areas and 
forest communities. The forest cover protects the envi-
ronment by regulating soil water, habitat for wildlife, biodi-
versity, carbon fixing (UNEP, 1992) and provides other 
numerous natural resources. The continuous degradation 
of the forest has major effects on other segments of the 
environment. The manifestations of these have been 
noted to be in form of the rapid disappearance of forest 
cover leading to erosion, loss of biodiversity, soil degra-
dation, and unfavorable hydrological changes. Regarding 
the soil degradation, Salami (1998) noted that the re-
placement of mature forest by plantations of exotics has 
negative effects on the soil. Once the tropical rain forest 
is disturbed, the organic matter content of the soil 
declines until restoration of a cropping system or forest 
that contributes carbon to the soil as rapidly as it is lost 
through oxidation. However, the high population density 
has led to a situation in which the land cleared from for-
est, is re-cultivated at repeated intervals and not allowed 
to regenerate into mature secondary forest. 
Land use/land cover change has far reaching ecologi-
cal consequences. According to Olaniran (2002), in Nige-
ria, deforestation has been seen to cause erosion that is 
affecting reservoirs, decreasing the aquatic popu-lations, 
reducing the navigability of canals and also the quality of 
soil. He also noted that the problem of deserti-fication 
and environmental degradation caused by land use/ land 
cover change threatens the country. 
Land use/land cover change also has an adverse effect 
on the biodiversity of the study area. In this regard, Ojo 
(2004) in his study of Abeku sector of Omo forest reserve 
indicated that there were 98, 109, 95 and 71 plant spe-
cies enumerated in 1985, 1987, 1997 and 2000 respec-
tively. According to his report, the increase from 1985 to 
1987 was due mainly to more species being identified in 
the 1987 enumeration but the subsequent decrease bet-
ween 1997 and 2000 was due largely to long interval bet-
ween measurement during which the plots had been 
encroached and some plots completely lost to cash and 
arable crop farming. This affected the diversity of the tree 
species in the forest reserve. Okigbo (1982) argued that 
some plant species are either rare or absent from the 





practice of shifting cultivation. 
Generally, it has been noted that land degradation is 
both a part and consequence of environmental changes 
leading to loss of valuable land resources. There is the 
need therefore to strike equilibrium in the uses to which 
the land is put in order to minimize the far reaching ecolo-
gical consequences of land use/land cover change as 





This study has demonstrated that the recent advance-
ments in remote sensing and GIS technologies provide 
powerful tool for mapping and detecting changes in land 
use/land cover. This research carried out in a part of 
south-western Nigeria using these modern technologies 
in conjunction with field observation showed both land 
cover conversion and modification. The general trend ob-
served by the present study is a decrease in forests and 
derived savanna and a corresponding increase in shrub 
land/farmland complex and settlement/bare surface. The 
implication is that the present tendency may lead to more 
land degradation. Thus, this trend needs to be corrected. 
Land use/land cover mapping and detection of changes 
shown here may not provide the ultimate explanation for 
all problems related to land use/land cover changes and 
cannot be an end in itself rather, it serves as a base to 
understand the patterns and possible causes and cones-
quences of land use/land cover changes in the area. 
The ecological problems associated with the land 
use/land cover changes discussed are linked with the 
socio economic change of the local population as well as 
to a certain extent, with population growth. Settlement 
expansion and illegal logging are also the major factors 
behind the land use/land cover changes observed in the 
area. The findings of this study highlight the need for a 
comprehensive assessment of human activities in south-
western Nigeria and the adaptation of sustainable forest 
management practices such as close supervision of 
forest reserves in the region and making more arable 
lands available through restoration of already degraded 
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